Background: Ginseng (the roots of Panax ginseng Meyer) is a well-known traditional Oriental medicine and is now widely used as a health food. It contains several types of ginsenosides, which are considered the major active medicinal components of ginseng. It has recently been reported that the qualitative and quantitative properties of ginsenosides found in ginseng may differ, depending on cultivation regions, ages, species, and so on. Therefore, it is necessary to study these variations with respect to cultivation ages and regions. Methods: In this study, 3e6-yr-old roots of P. ginseng were collected from three different cultivation regions. The contents of five ginsenosides (Rb1, Rd, Rc, Re, and Rgl) were measured by rapid resolution liquid chromatography coupled with quadrupleetime-of-flight mass spectrometry. The KruskaleWallis Rank sum test and multiple t test were used for comparative analysis of the data to evaluate the dynamic changes in the accumulation of these ginsenosides affected by cultivation regions and ages. Results: The content and composition of ginsenosides varied significantly among specimens collected from different cultivation regions and having different cultivation ages. For all samples, the content of Rg1 and Re ginsenosides increases with age and this rate of increase is different for each sample. The contents of Rb1, Rc, and Rd varied with cultivation ages in samples from different cultivation regions; especially, Rb1 from a 6-yr-old root showed approximately twofold variation among the samples from three cultivation regions. Furthermore, the content of Rb1 highly correlated with that of Rd (r ¼ 0.89 across all locations and ages). Conclusion: In our study, only the contents of ginsenosides Rg1 and Re were affected by the root age. Ginsenosides Rb1, Rc, and Rd varied widely with ages in samples from different cultivation regions.
Introduction
Ginseng (the roots of Panax ginseng Meyer) is a valuable agricultural commodity used for thousands of years as a traditional Oriental medicine in many Oriental countries [1] . P. ginseng has wide pharmacological properties, such as antifatigue, antidiabetes, vasodilation, and antidepressant effects, and is effective in stimulating the memory as well as in the prevention of cancer and the aging process [2] . Ginsenosides are the main active constituents in P. ginseng. To date, more than 80 kinds of ginsenosides have been isolated from P. ginseng. Based on the differences in their chemical constitutions, most ginsenosides are generally classified into the following three types: protopanaxadiol (PPD), protopanaxatriol, and oleanolic acid [3] . The main ginsenosides isolated from P. ginseng (Rb1, Rc, Rd, Re, and Rg1) typically account for more than 70% of the total ginsenoside content [4e8] . These ginsenosides are often used as markers for quality assessment of ginseng products [9] . However, the bioactive properties of ginsenosides differ with respect to individual ginsenoside and biological system [10] . American and Asian ginsengs have contradictory effects on the vascular system [11] and acute glycemia [12] . Recent laboratory studies have verified that the different bioactivities are due to the variation in the ratio of major ginsenosides. Mochizuki et al reported that Asian ginseng had a high Rg1:Rb1 ginsenoside ratio and Rg1 was shown to promote wound healing. By contrast, American ginseng had a low Rg1:Rb1 ratio and Rb1 was shown to inhibit tumor growth [13] . The heterogeneity of ginsenosides is a remarkable and significant property because this has different or even totally opposite pharmacological activities. The changes in the content of ginsenosides with age are related to the cultivation region of ginseng; for example, Osinski et al [14] determined and compared the major ginsenosides in American ginseng root, which showed changes based on cultivation region and age. Zhang Kun et al [15] demonstrated that the content of ginsenosides Rg1, Re, Rbl, Rc, Rb2, Rb3, and Rd in ginseng increased with the age of the plant.
Variations in the content of total and individual ginsenosides have been reported between populations and even among individual roots within a single ginseng population [16] . Because the efficacy and bioactive components of ginseng roots may differ depending on the cultivation region and age, it is important to know the components of ginsenosides in ginseng roots from different sources. The study on the variation of the main ginsenosides in ginseng could lead to a better understanding of the natural effects on ginsenosides contributed by cultivation regions and age. Moreover, the results of this research have potential contribution to quality assessment of ginseng products.
In this study, we used rapid resolution liquid chromatography coupled with quadrupleetime-of-flight mass spectrometry method for the acquisition and analysis of the accumulation characteristics of monomer ginsenosides (Rb1, Rc, Rd, Re, and Rg1) in ginseng roots aged between 3 yr and 6 yr and from different cultivation regions. The objective of this research was to determine the relative contribution of age or location to the ginsenoside levels in P. ginseng collected from a geographically limited region.
Experimental analysis

Standard preparation
All ginsenoside standards were obtained from the Chinese Medical and Biological Products Institute (Changchun, China). The standards of ginsenosides Rg1, Re, Rb1, Rc, and Rd (1.01 mg, 1.02 mg, Fig. 1 . Rapid resolution liquid chromatography coupled with electrospray ionization quadrupleetime-of-flight mass spectrometry total ion chromatograms of (A) ginsenoside standard mixture and (B) alcohol extracts from the ginseng roots cultivated in Changchun. The five ginsenosides were identified by the retention time and qualitative fragments. 0.98 mg, 0.99 mg, and 1.04 mg, respectively) were accurately weighed and dissolved in 10 mL of methanol to prepare a mixed stock solution. All solvents and samples were filtered through 0.45-mm membrane filters before analysis.
Plant material and extraction procedure
All cultivated samples were grown from seeds that purportedly had been collected during the past few decades from wild Jilin populations and harvested at ages of 3 yr, 4 yr, 5 yr, and 6 yr from three ginseng cooperative associations (Changchun, Jilin Agricultural University, Jingyu, The Second plantation of ginseng. Ji'an, Yisheng Pharmaceutical Co.) of the Jilin Province in China. The collected ginseng samples were dried at 40 C to a constant weight, and then pulverized. According to Chinese pharmacopoeia, the ginseng root sample is prepared as follows: 1.0 g of ginseng powder (40 meshes) was accurately weighed and refluxed with moderate ether solution for 4 h in a Soxhlet extractor. After removing the ether, a moderate solution of methanol was added. The sample solution was refluxed for 4 h, after which the methanol was removed. Then, chromatographic-grade methanol was added to dissolve the mixture and make the volume of the mixture solution to 10 mL. The sample solution was obtained by filtering the supernatant through a nylon filter membrane (0.45 mm) prior to the reverse-phase liquid chromatography analysis. For reliable results, five replicates of each sample group (aged from 3 yr to 6 yr) were prepared. Results are reported as percent ginsenoside on a dryweight basis.
Liquid chromatographyemass spectrometry
Analyses were performed on an Agilent 1200 RRLC system equipped with a binary pump, micro degasser, an autoplate, and a thermostatically controlled sampler column apartment. Sample extracts were separated via reversed phase on a Thermo Scientific Hypersil GOLD C18 column (3.0 Â 100 mm Â 1.8 mm). The mobile phase consisted of water/0.1% formic acid (A) and acetonitrile/0.1% formic acid (B) and the flow rate was set to 0.3 mL/min. A linear gradient was used, starting with 19% B. This proportion was held constant for 5 min, and then increased linearly as follows: to 25% from 5 min to 15 min, to 30% from 15 min to 20 min, to 33% from 20 min to 25 min, to 50% from 25 min to 35 min, to 60% from 35 min to 40 min, to 75% from 40 min to 45 min, and then to 80%. The gradient was held constant at 80% until 50 min, and then returned to the initial composition (i.e., 19% B) at 50.5 min, and again held constant for 4.5 min to re-equilibrate the column. The column and sample managers were maintained at 30 C, respectively. The mass spectrometer was operated in the negative-ion mode and set to the total ion chromatogram mode. The optimized mass spectrometry conditions were as follows: capillary voltage of 2,800 V, cone voltage of 35 V, source temperature of 100 C, desolvation temperature of 250 C, and desolvation gas flow rate of 600 L/h. To ensure that the mass was measured accurately, leucineeenkephalin was used as the reference lock-mass compound at a concentration of 500 pg/mL at a flow rate of 2 mL/min, and the [Me CH 3 COO] e ion at 545.2615 Da was detected over 15 min of analysis.
Xcalibur version 2.1 SP1 (Thermo Scientific) was used for data acquisition.
Calibration curves of ginsenoside standards
The stock solution of standards containing five ginsenosides (Rg1, Re, Rb1, Rc, and Rd) in methanol was diluted to the concentrations of 10 mg/mL, 20 mg/mL, 40 mg/mL, 80 mg/mL, and 100 mg/mL. Approximately 10 mL of the mixed-standard solutions were injected in triplicate, and then the calibration curves were constructed by plotting extracted ion peak area versus the amounts (mg) of each analyte. The contents (mg/g of herbs, mg/mL) of the five ginsenosides in these samples were measured according to the standard curves of five ginsenosides.
Experimental design and statistical analysis
Because of the large unexplained variation and small samples sizes, the experimental analysis used the average value to describe the central tendency of data. The number of replicate root samples (n) for each cultivation age is indicated in parentheses for the 
Results and discussion
Chromatographic analysis and quantitative methods
Based on the chromatograms (Fig. 1A) , all of the five ginsenosides were well separated except for the ginsenosides Rg1 and Re. The linearity, regression, and precision ranges of the five tested ginsenosides were calculated according to a previous study [17] . In addition, the corresponding peak areas calculated by integrating extracted ion chromatogram [MþCH 3 COO] e from each standard concentration were used to make the standard curves, which were Table 1 ). The injection precision was obtained by analyzing the peak area variations of six injections of a mixture of the five standard ginsenosides. The intraday and interday (6 d) precisions are 3.1e6.1% (n ¼ 6) and 2.51e6.0% (n ¼ 6), respectively. The recoveries of the ginsenosides were determined with spiked samples. The stock solution of standards containing the five ginsenosides was added to 1 g of P. ginseng root and extracted using the microwave-assisted extraction method. The recoveries of all five ginsenosides were within the range of 97.29e99.50% (n ¼ 6). In this study, each value is the average of three replicated samples. The total ion chromatogram of ginsenosides in ginseng is shown in Fig. 1B . The other chromatograms are not shown because of their similarly with the one presented in this figure. The confirmatory analysis for five ginsenosides in the ginseng root was performed with the retention time and qualitative fragments obtained by the data-dependent scan mode [18] . The quantitative analysis was carried out by acquiring the accurate mass of quasi-molecular ion and the peak area in the extracted chromatogram with accurate mass [19, 20] . The quasimolecular ion peak of Rg1, Re, Rb1, Rc, and Rd, respectively, were obtained at m/z 845.49, 991.55, 1,153.60, 1,123.58, and 991.53. The extraction ion chromatograms of the five ginsenosides in ginseng obtained from three cultivation regions are shown in Fig. 2. 
Analysis of the content of ginsenosides Rg1 and Re
The average content of Rg1 and Re ginsenosides for samples from three locations having different cultivation ages is shown in Fig. 3 . In all the samples from three different cultivation regions, the content of both Rg1 and Re increased with cultivation age, but the rate of increase was different (Fig. 4) . In particular, the contents of ginsenosides Rg1 and Re in roots of different harvest ages at the same location were significantly different (p < 0.001). Shi et al [21] studied the content of ginsenosides in P. ginseng samples of different ages from Jingyu, and reported that the content of Re increases with age. The content of Rg1 in P. ginseng increases from 1 yr to 4 yr followed by a decrease [21] . The results obtained in our study are different from those of the previous study, which may be due to the difference in the variety, cultivation conditions, and geographic location of P. ginseng.
Comparing the differences in ginsenosides content among all the samples from three cultivation regions, it can be seen that the contents of Re and Rg1 varied apparently. For samples with the same cultivation age, the content of Re for samples from Ji'an was significantly higher than that of samples from the other two cultivation regions (p < 0.01). Between the remaining two regions, Changchun and Jingyu, there was a less significant difference in the content of Re (p < 0.05). The content of Rg1 in the ginseng samples from all the three regions exhibited an identical proportional distribution to that of Re. The content of Rg1 in the Ji'an ginseng sample had a significant difference compared with the samples from the other two regions (p < 0.01) for the same cultivation age. Between the samples from Changchun and Jingyu, the p value was less than 0.05.
Lim et al [18] studied the relative abundance of ginsenosides in American ginseng (roots), and observed an inverse relationship between the levels of ginsenosides Rg1 and Re. Another study showed that "low Rg1/high Re chemotype" is common in American ginseng, whereas roots with high Rg1 and low Re content, which are described as "high Rg1/low Re chemotype," are rarely observed [22] . The results obtained in our study showed that the content of Rg1 was slightly higher than that of Re, and the ratio of Rg1:Re is approximately equal to 1.0. In addition, the inverse relationship between the contents of ginsenosides Rg1 and Re was not observed. Moreover, the contents of Rg1 and Re in American ginseng were found to vary among populations (and in some cases, among roots within a population) [23] . Another study suggested that the Re and Rg1 content was affected by genotype, and the Rg1 content was also influenced by location [18] . In our study, the content of Re and Rg1 was found to change with the cultivation age. The results showed that there were differences between ginsenosides contents in P. ginseng and American ginseng, which may explain the variation in their bioactivity. 
Analysis of the content of ginsenosides Rd, Rb1, and Rc
The other three PPD-type ginsenosides, Rb1, Rc, and Rd, were identified and analyzed. The nature of the interaction among ginsenosides was worthy of a further investigation. In this study, the monomer ginsenoside contents in all the samples varied with cultivation ages (Fig. 5) . The content of the ginsenoside Rc in the Jingyu ginseng samples increased with cultivation age. The average contents of ginsenosides Rb1 and Rd increased to the highest amount in the 4 th cultivation year followed by a decrease, as shown in Fig. 5 . In the Changchun ginseng samples, the content of ginsenosides Rb1, Rc, and Rd increased with cultivation age from the 3 rd yr to the 6 th yr. The variation tendency of ginsenosides Rb1 and Rd in the Ji'an ginseng samples was the same as that of the Changchun samples, with both exhibiting a sustained growth in the ginsenosides content with cultivation ages, except for the ginsenoside Rc, whose content was low in the 5 th cultivation year. For the three different region samples with the same cultivation age, the significant difference in the content of Rc and Rd was on the 0.01 level (p < 0.01) and on the 0.001 level for Rb1 (p < 0.001). Schlag and McIntosh [22] used PROC CORR in SAS to analyze nonparametric rank correlations among ginsenoside variables (% w/w of total ginsenosides, Rg1, Re, Rb1, Rc, and Rd). They found that Rb1 was highly correlated with the total ginsenoside content in American ginseng (r ¼ 0.96, p < 0.001). In this study, we used the same method to analyze nonparametric rank correlations among ginsenosides (Rb1, Rc, Rd, Rg1, and Re). The result showed that the content of ginsenoside Rb1 was highly correlated with that of Rd (r ¼ 0.89, p < 0.001). The correlated relationship between the Rb1 and Rd levels was apparent not only among individual roots within one region (Fig. 6 ), but also among locations based on the level of each of these ginsenosides averaged across all roots in each of the three locations. Fig. 7 shows the root-to-root variation in the ginsenosides Rb1 and Rd contents of 15 ginseng root samples in Changchun for representation. The sum of Rb1 and Rd content in ginseng root is more than 20% of the total ginsenosides, and the content of Rd in ginseng root is four to five times less than that of Rb1 [24] . Recently, more reports showed the biotransformation of ginsenoside Rb1 into Rd, in particular using microorganisms. A report by Sengupta et al [25] showed that a low Rg1:Rb1 ratio (1e0.15) produced uniform ginsenoside profiles, which is considered the characteristic in Asian ginseng, and pointed out that the ratio of Rg1:Rb1 ginsenoside is high in American ginseng [25] . In our study, the Rg1:Rb1 ratio was 0.4, less than 1.0, and the highest ratio was in the 6 th cultivation year. Therefore, the Rg1:Rb1 ratio between 1 and 0.15 was considered as the characteristic of Asian ginseng, which is identical to the literature. Overall, the different biological properties between Asian and American ginseng may be not only due to a variety of ginsenoside structure but also due to the composition of total ginsenosides.
Conclusions
Based on the aforementioned results, the following conclusions are made:
Although there were apparent discrepancies among the contents of ginsenoside for samples of same age from the three cultivation areas, most of the five kinds of ginsenosides showed an identical variation trend in content, that is, constant increase in content with cultivation age between 3 yr and 6 yr, with the exception of Rb1 and Rd in Jingyu, as well as Rc in Ji'an, which showed a decrease in the 5 th cultivation year.
Among samples with the same cultivation age, the ginseng sample from Ji'an exhibited much higher ginsenoside content than that of ginseng samples from the other two cultivation areas (Jingyu and Changchun), which may imply a potentially better quality of ginseng in Ji'an. In all the four cultivation-age levels, Rb1 had the highest content among all the five kinds of ginsenosides, regardless of the cultivation regions. Considering the positive correlation between the content of Rb1 and Rd and the steady ginseng cultivation environment, it could be inferred that Rb1 and Rd may experience an identical synthetic and metabolic pathway in P. ginseng.
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